Background Delirium in older hospitalised patients is a common and serious disorder. Polypharmacy and certain medications are risk factors for developing delirium. A medication review could benefit older hospitalised patients with delirium. Objectives (1) Evaluate the effects of medication review on length of delirium, length of hospital stay, mortality, and discharge destination; and (2) describe and analyse the proposed changes to medication and its implementation by the treating physician. Setting The study was conducted at Maastricht University Medical Centre?. Methods We compared two cohorts of older patients with delirium: the first cohort from before introducing the medication review, and a second cohort 5 months after introduction of the medication review. Data were extracted from the patients' digital medical records. Results A significant interaction effect of cohort and number of medications taken by the patient was found for duration of delirium: patients from the second cohort taking between zero and six medications had significantly shorter delirious episodes than patients in the first cohort. This effect bordered on significance for patients taking between seven and 11 medications, but disappeared for patients taking 12 or more medications. No other statistically significant differences were found between the cohorts. The proposed changes in medication were implemented for 71% of the patients. Conclusion A medication review seems to significantly decrease the length of an older patient's delirious episode. Given the clinical relevance of these findings, we advise medication reviews for all older patients who are delirious or are at risk of developing delirium.
Introduction
Delirium is a serious neuropsychiatric syndrome characterised by an acute decline of cognitive functions and disorientation [1] affecting between 29 and 64% of older hospitalised patients [2] . It is associated with many negative outcomes, including increased mortality rates, prolonged hospital stay, decreased physical recovery, and higher rates of institutionalisation [3] [4] [5] . These negative consequences not only affect patients, but also greatly increase healthcare costs [6] [7] [8] [9] . There is substantial evidence suggesting that delirium is preventable in 30-40% of cases, mainly by avoiding iatrogenic risk factors which could trigger delirium, such as immobility, dehydration, malnutrition, infections (e.g. urinary tract infection as a result of an unnecessary urinary catheter), and polypharmacy [10, 11] .
One method of reducing delirium induced by iatrogenic risk factors is the creation of a multidisciplinary geriatric team, which focuses on optimising care for frail older patients at risk for developing delirium. These teams, often focussing on risk factors such as immobility, dehydration, malnutrition and pain, have been found to be effective in reducing delirium incidence and severity in previous studies [11] [12] [13] [14] [15] [16] . Additionally, non-pharmacological interventions can be used to prevent delirium, such as the use of a clock and calendar for orientation, bringing pictures from home to provide a point of recognition for a patient, and making sure patients use their visual and/or hearing aids adequately [2] . However, these multicomponent deliriumprevention groups are often nurse-led and do not focus specifically on medication-related problems, such as polypharmacy, unnecessary medications, or harmful medication interactions, even though polypharmacy is one of the main iatrogenic risk factors for delirium in older hospitalised patients [17] .
Moreover, the evaluation of these teams has always been conducted under controlled conditions in a research setting, and not in a daily-practice setting. The aims of the present study, therefore, are (1) to describe the type of changes in medication proposed as a result of the medication review and analyse the implementation of these proposed changes by the treating physician; and (2) to evaluate the benefits of the medication review on the length of delirium, length of hospital stay, in-hospital mortality, and discharge destination in older hospitalised patients who suffered delirium. We hypothesise that patients who received a medication review, and especially those patients with polypharmacy, will benefit the most, resulting in shorter duration of delirium and length of stay; that there will be less in-hospital mortality; and that patients will be discharged back home instead of to a nursing home or alternative living environment more often compared to peers who did not receive a medication review.
Methods

Design
A retrospective comparative cohort study using information from digital medical records was conducted at the Maastricht University Medical Centre? (MUMC?), a 715-bed university teaching hospital in the south of the Netherlands.
The Medication Review Process
The MUMC? does not have a separate geriatric department, but geriatricians and geriatric nurse practitioners (GNPs) operate throughout the hospital in a liaison-consultation role for older patients (aged 70 years or over). Since 2014, all older patients admitted to the MUMC? are screened for frailty using the Maastricht Frailty Screening Tool for Hospitalised Patients (MFST-HP) [18] . Patients with a score of eight or more on the MFST-HP are consulted by a GNP. Additionally, a consultation from a geriatrician or GNP can be requested by a nurse or physician. During these consultations delirium risk is assessed and preventive measures are discussed with the nursing staff of the patient's ward. If a patient is delirious at the time of the consultation, delirium management is discussed with the nursing staff.
In addition to these consultations, a weekly geriatric meeting was set up in February 2015, consisting of a geriatrician, a geriatrician in training, two GNPs, and a clinical pharmacist. The goal of this additional geriatric meeting was to provide a medication review for all patients who received a geriatric consult. Every week, one day before the weekly geriatric meeting, the clinical pharmacist (author LvdV) receives a list of all the patients who received a consultation from the geriatrician or GNP and were still hospitalised at the time of the weekly geriatric meeting. The clinical pharmacist then uses the STOPP (Screening Tool of Older Person's Prescriptions) and START (Screening Tool to Alert doctors to Right Treatment) criteria [19] to assess the indication, necessity, and adequacy of every medication on a patient's medication list, taking into account the age and comorbidities of the patient, as well as interactions with other medications and possible negative side effects of the medication. During the geriatric meeting the clinical pharmacist discusses the medication review with the geriatrician and GNPs, who provide extra information about the patient where needed. Based on the medication review performed by the clinical pharmacist and the discussion with the geriatrician and GNPs, a medication plan is formulated and the proposed changes are recorded in the patient's medical file. Figure 1 provides a flowchart of eligibility for the medication review.
Patients
For this study, the medical records of two patient cohorts were compared: one control cohort of patients who did not receive a medication review and a cohort of patients who did receive a medication review. The inclusion criteria for both cohorts were as follows: (1) the patients suffered delirium during their hospital stay; (2) the patients were 70 years or older on the day of admission; and (3) the patients received a consultation from either a geriatrician or GNP. Additionally, patients in the review cohort received a medication review. The control cohort consisted of the medical records of patients admitted to the MUMC? between 1 January 2014 and 31 December 2014 (before introduction of the medication review), and the review cohort consisted of the medical records of patients admitted to the MUMC? between 1 July 2015 and 31 December 2016 (after introduction of the medication review). The inclusion of medical records for the review cohort started 5 months after initiation of the weekly medication review meeting, to avoid start-up problems that could have influenced the study outcomes. To set up comparable group numbers, the length of data collection in both cohorts varies.
Data Extraction
Patient Data
The following data/variables were extracted from the digital medical records by a researcher (author EvV): (1) demographic data: age at hospital admission, sex, living conditions prior to hospital admission (i.e. own home or a nursing home), and reason for admission; (2) baseline data: Charlson Comorbidity Index (CCI), and number and type of medications used at time of the GNP consultation (before the medication review); (3) the proposed changes in medication and if, and to what extent, the proposed changes had been implemented by the patient's treating physician (see Sect. 2.4.2); and (4) adverse outcomes: duration of the delirium, length of hospital stay, in-hospital mortality, and discharge destination (back home, to a nursing home, or to a rehabilitation facility).
Duration of the delirium was set as follows: the beginning of the delirium was the date on which the diagnosis of delirium was first mentioned in the digital medical record. The end date of the delirium could be determined by several factors, in decreasing order of importance: (1) when a physician or GNP noted in the medical record that the delirium was in remission or had passed; (2) when the Delirium Observation Screening (DOS) (a tool to screen for delirium and monitor its course and severity [20] ) scores remained below 3 points for three consecutive measurements; (3) when the patient had died during the delirious episode; or (4) when the patient had been discharged from the hospital.
Data Concerning the Medication Review
Authors EP (geriatrician) and LvdV (clinical pharmacist) both independently and blinded to the conclusions of the other assessed all of the proposed medication changes in terms of type of change and whether or not the proposed change was implemented by the treating physician. After completion, the results of both authors were compared. In the case of a discrepancy, the patient was re-assessed by authors EP and LvdV together, until consensus was reached. The proposed changes were categorised into ''start'', ''stop'', or ''change'', meaning starting new medication, stopping currently used medication, or changing the dosage, administration mode, or time of administration of a medication currently used by the patient.
Analysis of the implementation of the proposed changes was done on two levels: for each unique proposed change, and per patient, as multiple changes were proposed for most patients. Implementation of the proposed change by the treating physician was categorised either as ''yes'', ''no'' or ''unknown'' (e.g. if the proposed change included medication to be given after discharge, the researchers had no access to this data). On the patient level, the implementation was assessed as ''yes'' if at least one of the proposed changes for a patient's medication was implemented. If none of the proposed changes were implemented, it was assessed as ''no'', and if this was unclear, it was assessed as ''unknown''. The implementation of the proposed changes on the patient level was categorised as ''yes'' if at least one of the proposed changes was implemented, because the authors believe this means the treating physician read and considered the proposed changes, and proceeded to implement what she/he found beneficial for the patient.
Ethics
The study was approved by the Medical Ethics Committee of Maastricht University/Maastricht University Medical Centre? (#16-4-108).
Statistics
Baseline characteristics for both cohorts were compared using a two-tailed t test for continuous data such as age and the CCI, and a chi-square test for nominal data such as sex, living conditions and reasons for admission. The alpha for reason for admission was set to 0.01 to correct for multiple testing. A generalised linear regression model with a negative binomial distribution was used to analyse the differences between the two cohorts for duration of delirium and length of hospital stay to correct for skewness of the data. A logistic regression was used for in-hospital mortality and discharge destination. All regression models included sex, age, CCI, and number of medications used by the patients. Non-significant covariates were removed from the model stepwise. For the adverse outcomes, an interaction term for cohort and number of medications used was added, as it is expected that especially patients who take a high number of medications may benefit from the medication review. Data were analysed using SPSS version 22 (IBM Corp., Armonk, NY).
Results
Sample Characteristics
The inclusion criteria were fulfilled by 125 patients in the control cohort and 93 patients in the review cohort. Table 1 presents an overview of the reasons for admission of both cohorts. Patients in the review cohort were admitted more often with a hip or femur fracture than patients in the control cohort (p = 0.01). There were no significant differences in other reasons for admission between the two cohorts (alpha for reasons of admission was set to 0.01 to correct for multiple testing). The two cohorts were comparable with respect to age, sex, and CCI. However, patients in the control cohort used on average significantly fewer medications compared to the patients in the review cohort (eight vs ten medications, p\0.001) (see Table 2 ).
Medication Review
All 93 patients in the review cohort received a medication review by the clinical pharmacist and geriatrician. For 75 patients (81%), changes regarding the medication were proposed, while for 18 patients (19%) no changes were proposed. Changes were proposed on 180 accounts, with a mean of 1.9 changes per patient (range 0-7). On the level of each unique proposed change, independent of the patient, most changes (62%) were implemented by the treating physician, 32% were not implemented, and 7% were unknown. The proposed changes consisted of starting a new medication in 17%, stopping certain medications in 40%, and changing either the dosage, administration mode, or time of administration in 43%. The majority (40%) of the proposed changes concerned psychotropic medication, especially stopping or changing (see Table 3 for the details). The proposed changes were implemented for 58 out of the 75 patients (77%).
Adverse Outcomes
The duration of delirium in the review cohort was on average 6.91 days shorter compared to the control cohort (8.56 vs 15.47 days, respectively, showing a difference of almost 50%). A significant interaction effect between cohort and number of medications was found for the duration of delirium. Patients in the review cohort taking up to six medications had significantly shorter delirious episodes compared to patients taking up to six medications in the control cohort (mean difference 15.46 days, p\0.001). For patients taking between seven and 11 medications, the mean difference in duration of delirium between the two cohorts was 3.74 days (p = 0.07). For patients taking 12 or more medications, the mean difference in duration of delirium between the cohorts was 1.81 days (p = 0.55) (see Table 4 for the interaction effect). The other variables in the model (age, sex, CCI) were not significant and thus removed from the model. No significant differences were found for length of stay, inhospital mortality, or discharge destination. Classification of the reasons for admission into the tabulated categories can be found in Electronic Supplementary Material Appendix S1
CVA cerebrovascular accident Differences between the cohorts were calculated using a chi-square test; alpha was set to 0.01 to correct for multiple testing 
Discussion
This study examined the benefit of a medication review in addition to standard geriatric care concerning delirium. Several adverse outcomes for patients with delirium (length of stay, duration of delirium, in-hospital mortality, and discharge destination) were studied. Furthermore, the medication review and proposed changes to a patient's medication were described in detail: what types of medications were subject to change, and whether or not the proposed changes were implemented by the physicians. An interaction effect of cohort and the number of medications a patient was taking was found for the duration of delirium: patients taking few medications in the review cohort had significantly shorter delirious episodes than their peers in the control cohort. This effect disappeared when the number of medications taken by a patient increased to seven or more. No significant differences were found for length of stay, in-hospital mortality, or discharge destination. The initial hypothesis was that the medication review would benefit patients on all the negative outcomes of delirium. It was also hypothesised that this effect would be especially noticeable for patients taking more than six medications, as the chance of drug interactions and negative side effects increases with every additional drug.
However, contrary to the hypothesis, the duration of the delirium in the review cohort was reduced significantly for patients taking between zero and six medications. For patients taking between seven and 11 medications, the difference in duration of delirium bordered significance, and for patients taking twelve or more medications there was no significant difference. This indicates that patients with fewer medications might have benefitted more from the medication review. A possible explanation for this could be that the relative impact of a change decreases when the number of medications increases. Another possibility is that patients taking more medications may have more morbidities and may therefore have delirium which is caused by several factors, which may be more difficult to detect and treat.
The shorter duration of delirium for patients discussed in the review cohort is in line with previous studies that found that geriatric consultation teams focusing on risk factors such as medication and polypharmacy can prevent or shorten a delirious episode [15] . Moreover, in addition to being statistically significant, a shorter delirious episode is also highly clinically relevant: a systematic review has shown that longer or persistent delirium is associated with increased delirium severity [21] and with slower or no functional recovery [22] . One study found that functional recovery for each day of admission without delirium was For the duration of delirium, an interaction effect between cohort and number of medications was found. To illustrate this interaction effect, the mean duration of delirium for patients taking 5, 10, 15 or 20 medications for both cohorts has been included in the table   b For the length of stay, none of the covariates were significant; the table therefore displays the unadjusted model c Discharged back home was only calculated for those patients living at home before hospital admission, and therefore has an N of 179 (N = 104 in the control condition, and N = 75 in the medication review condition)
inversely correlated with duration of the delirium (i.e. the shorter the duration of the delirium, the better the functional recovery) [23] . Better and swifter functional recovery is not only beneficial for the patient, but could also lead to lower healthcare costs as healthier patients would be more independent and less likely to be admitted to a longterm care facility or readmitted to hospital. Despite the shorter duration of delirium among patients taking fewer medications in the intervention cohort, no effects of the medication review were found on the other outcomes (length of stay, mortality, and discharge destination). It could be argued that a shorter delirious episode leads to a faster functional recovery and thus a shorter length of hospital stay. However, we did not find any significant differences in length of hospital stay between the two cohorts in the current study. With regards to mortality, we only included data about in-hospital mortality and did not examine mortality post-discharge. Delirium can lead to increased risk of death within 12 months after the delirium [5] . It could be assumed that patients with a shorter delirious episode had lower mortality rates post discharge, but those conclusions are beyond the scope of the present study. Discharge destination was also similar in both cohorts. One may assume that patients who took fewer medications (1-6) were the cohort's healthier patients, of whom most were able to return to their previous living arrangements after hospital discharge.
In addition to the clinical effects, the costs of delirium have been estimated to be $164 billion in the USA on a yearly basis [8] . Caring for delirious patients can be burdening for nurses [24] and may be challenging [25] . A German study showed that nurses spend an average of 240 min extra and physicians 66 min extra on the care of delirious patients compared to non-delirious controls, and the costs were estimated to be about €1200 extra per day for each patient with hyperactive delirium [9] . Taking this information into account, and considering that between 29 and 64% of older hospitalised patients suffer a delirious episode during their hospital stay [2] , reducing the duration of a patient's delirium could decrease healthcare costs. Although a cost-effectiveness analysis was beyond the scope of this study, it is not improbable that this might be a cost-effective intervention, considering the shorter delirious episodes.
The majority of the changes (40%) in medication were made for psychotropic medication, followed by cardiovascular medication (14%). Most of the suggested changes for all types of medication were either to stop the medication or to change it; only a few changes (17%) involved starting a new medication. This suggests that many patients take unnecessary medication, especially psychotropic medication, such as benzodiazepines, which can be highly addictive, lose effectiveness after prolonged use, and may increase the risk of falling in older people due to their sedative effects. About two thirds of all proposed changes were implemented by the treating physicians. At least one or more of the proposed changes were implemented for about 70% of the patients. This indicates that in some cases physicians may have deliberately made the choice to implement some of the proposed changes and disregard others, possibly for clinical or treatment reasons. Another reason for not implementing a proposed change may have been that the treating physician did not read the recommendations made by the review team. However, we could not uncover what the reasons were for not implementing the proposed changes.
Medication reviews are part of the national and international guidelines for the prevention and management of delirium in hospital patients. However, these guidelines are not common practice for all older patients: in our study, medication review was only done for those patients who were identified as frail using a frailty index, or patients for whom a physician requested a review. This means that many patients, including delirious patients, did (and do) not receive a medication review, despite the guidelines. The results from this study show that a medication review for all patients can be beneficial with regard to the duration of delirium. These results could be used as evidence of best practice and might help to show the added value of a hospital-wide medication review, thus creating more awareness of the importance of a medication review for all older patients. This awareness could eventually also lead to a change in prescribing practice throughout the hospital, where physicians, policy makers, other healthcare workers, and patients and family members become more aware of possible dangers of medications and their interaction with other medications.
Limitations and Strengths
Some issues regarding the methodology of the present study need to be considered. A retrospective cohort study was performed, instead of a randomised controlled trial (RCT). Although this choice was mainly made for practical reasons-the medication review had already been introduced at the start of the study-it could also be argued that an RCT in this case may not have been ethical, as this would mean withholding patients from care that may benefit them without causing any negative side effects. A downside to the retrospective design of the current study was that delirium diagnosis could not be standardised using a diagnostic instrument. Instead, delirium was diagnosed by two GNPs on the basis of the Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM-IV) [1] criteria for delirium. Although the GNPs are trained to diagnose delirium and patients are discussed with a geriatrician, the quality of the study could have been improved if delirium diagnosis was standardised beforehand. Moreover, causality cannot be implied when using a retrospective design. Furthermore, the cohorts were different in size: the control cohort was larger than the medication review cohort (125 vs 93 patients, respectively). This was because not all patients who had suffered delirium during their hospitalisation could be included in the medication review cohort. Medication reviews were only conducted on Thursdays, thus patients who were discharged back home before the medication review could take place were not included in the review cohort. Moreover, due to the retrospective nature of this study, power calculations were not performed. It would be advisable, therefore, to replicate the study in an RCT and with cohort sizes based on power calculations.
Strengths of the study are several. First, the retrospective nature of this study let us examine an intervention in daily practice, outside of a controlled research setting. Our results are therefore not influenced by a potential bias of the physicians to implement the suggested changes to the medication. It also proves that such medical interventions are viable and can be effective outside a research setting. Second, there was a relatively short period (5 months) between the end of the control cohort and the start of the review cohort. This minimises the chance that a part of the effects could be attributed to external factors, as there were no changes in national guidelines or standard procedures within the hospital during that period. Third, relevant medical records in both cohorts were identified in the same manner and had the same inclusion criteria, minimising the chances of selection bias.
Conclusion
Our findings indicate that a medication review, carried out by a clinical pharmacist and a geriatrician, may significantly decrease the duration of the delirium during hospitalisation, especially for patients taking few medications. A clinical pharmacist, therefore, is a valuable addition to a geriatric team, as they have a deep understanding of how medications work and interact, and how to best review a patient's medication list. Based on the clinical benefits of a shorter delirious episode, we recommend that a team consisting of at least a medical pharmacist and a geriatrician perform medication reviews for all older patients in a hospital. This could possibly also contribute to the prevention of delirium.
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